Abstract: The chiral-discriminating abilities of new triazole-linked host compounds (6, 7) toward amino acid esters were evaluated by the FABMS/EL-guest method. Two types of host appending saccharide derivatives were synthesized by the copper-catalyzed Huisgen-1,3-dipolar cycloaddition (CuAAC). Host compounds binding constants and chiral-discriminating abilities toward the enantiomeric alanine esters were evaluated by UV method in chloroform. The structural requirements of triazole-linked hosts were determined by their chiral-discriminating behaviors.
INTRODUCTION
Detection of trace amounts of molecular chirality is one of the most important subjects, not only in organic chemistry, but also in a wide variety of scientific fields, such as pharmaceutical, medical, agricultural, and especially in forensic science and technology.
Enantiomeric host-guest complexation has been applied to a number of approaches for the enantiomeric excess (ee) determination and enantiomer isolation, such as liquid chromatography 1, 2) and capillary electrophoresis 3, 4) . However, due to their inherent drawbacks, these methods take a long measurement time and require relative large amounts of sample. In addition, the ee determination of a large number of asymmetric products produced by combinatorial synthesis 5) by means of these methods seems unrealistic. In order to overcome these shortcomings, several instances of chiral-discrimination of organic compounds, including amino acid derivatives, by mass spectrometry [6] [7] [8] have been developed in this decade. Several applicatory methods, such as the kinetic method developed by Cooks and co-workers 9) , the FT-ICR/MS method developed by Lebrilla and co-workers 10) , and the CID method developed by Speranza and co-workers 8) , were used to determine the optical purity of the target compounds. On the other hand, we proposed the fast atom bombardment mass spectrometry/enantio-labeled-guest or -host (FABMS/EL-g or -h) method on the basis of host-guest chemistry [11] [12] [13] . Using the FABMS/EL-g method, the chiral-discriminating ability of the host was easily evaluated by unspecialized FABMS conditions. We designed and synthesized lariat ether derivatives, mimicking per-methylated fructo-oligosaccharides 14) . Especially, the per-methylated 1F-fructonystose (MeFruNys) had remarkable chiral recognition ability 15) . The major driving force for complexation was the electrostatic interaction between the host ether groups and the guest ammonium group.
It is well known that compounds with a specific arrangement of nitrogen atoms can efficiently enclose positively and negatively charged organic compounds or metals. Therefore, introducing nitrogen atoms in the linker moiety is important to define host-guest complexation and their further applications. Screening the synthetic procedures, one aspect is copper(I)-catalyzed alkyne-azide cycloaddition (CuAAC), also known as Click Chemistry [16] [17] [18] or the Huisgen 1,3-dipolar cycloaddition 19) , for generating the corresponding the 1,4-disubstituted 1,2,3-triazole in high yield. We believe that CuAAC would be applied to the design of chiral-discriminating hosts with an efficient chiral-recognition field. In addition, the chiral inductor can be combined with an oxyethylene linker via a milder, more efficient, and high-yield synthesis.
To analyze chiral-discriminating ability, we designed and synthesized two new types of new triazole hosts ( ), con-taining nitrogen atoms at the complexation site. The chiral-discriminating ability of these hosts toward chiral amino acid ester salts was evaluated by well-tested UV methods in chloroform, and the rapid qualitative FABMS method. We believe this is an excellent method for rapid estimation of chiral-discriminating ability based on host-guest chemistry.
EXPERIMENTAL

1
1 H NMR and 13 C NMR spectra were obtained using either a JEOL AL-300 or a JEOL EX-270 spectrometer. Chloroform-d was used for the measurement solvent. Chemical shifts are presented as parts per million (ppm) relative to tetramethylsilane (dH = 0.0 ppm) as internal standard. Signals were assigned by means of DEPT and 2D (H-H and C-H COSY) spectral techniques. Infrared spectra were obtained using a SHIMADZU FTIR-8300 spectrophotometer. Optical rotations were determined at 589 nm using a thermostated conventional 10 cm cell on a JASCO P-1020 polarimeter at 25 . Elemental analyses were performed using a ThermoQuest EA1110. Mass spectral measurements were performed in a FINNIGAN LCQDECA instrument by electron spray ionization (ESI) in methanol as a solvent or in a JEOL JMS-700 by fast-atom bombardment (FAB) ionization using 3-nitrobenzyl alcohol as a matrix.
2
All starting materials and reagents are commercially available and they were used after purification as appropriate. Solvents used in synthesis were distilled by conventional methods. Spectroscopic grade solvents were purchased from Wako Pure Chemical Industries, Ltd. Starting materials and reagents were purchased from Aldrich, Wako Pure Chemical Industries Ltd., nacalai tesque, Kanto Kagaku and Tokyo Chemical Industry Co., LTD. Propargyl bromide was pre-purified by silica gel before its use.
To a THF solution (50 mL) of 2,3:4,5-di-O-isopropylidenefructofranose (DAF) (2.00 g, 7.68 mmol) was added NaH (470 mg, 60% suspension in oil was washed with hexane, 11.5 mmol) at 0 . The resulting mixture was stirred at 0 for 10 min and was allowed to warm to ambient temperature followed by the addition of propargyl bromide (1.78 g, 15.0 mmol) by a syringe under an argon atmosphere administrated in four portions. After 3 h, the reaction mixture was directly filtered by open column chromatography on silica gel (EtOAc). The filtrate solution was washed with a) 0.05 N hydrochloric acid (100 mL), b) conc. sodium hydrogen carbonate solution (100 mL), c) 5% sodium thiosulfate solution (100 mL), and d) brine (100 mL). The organic layer was dried over sodium sulfate and concentrated by evaporation. 0 mmol) was dissolved in dry DMF (ca. 100 mL). Then, NaH (3.1 g, 77.5 mmol, washed with hexane) was added portionwise with magnetic stirring. The reaction mixture was stirred for 1 h at 60 . Subsequently, diethylene glycol bis(p-toluenesulfonate) (6.6 g, 16.0 mmol in DMF (50 mL)) was added dropwise during 3 h at 60 . After an additional 5 h of stirring the solvent was filtered, then filtrate was quenched by adding 5 mL of water at 0 . The solvent was concentrated by evaporation in vacuo. The remaining oil was extracted with chloroform (300 mL), and then washed with water (100 mL), 1 N aqueous hydrochloric acid (100 mL), conc. sodium hydrogen carbonate solution (100 mL), and finally brine (100 mL). After the extract was evaporated under reduced pressure, the residue was purified by chromatography on silica gel (hexane/EtOAc = 1/1, v/v) to give the title compound as colorless oil (6.2 g, 34%); 1 
RESULTS AND DISCUSSION
1
Our MS/EL strategy was based on host-guest chemistry. Alkylated galactose and glucose have been used in linear ether-linked host compounds as chiral inductors [11] [12] [13] .
On the other hand, MeFruNys showed remarkable chiral recognition ability 15) . Thus, we selected DAF as a new chiral inductor for this research. Our strategy for the MS/EL method is based on host-guest chemistry. Both new triazole-( , ) and ether-linked ( ) hosts have been designed to recognize cationic compounds such as amino acid esters. For the design triazole-linked hosts, we considered combinations products of linker azide with saccharide alkyne, and linker alkyne with saccharide azide. The determination of triazole group position effect on chiral-discriminating ability is important for the design of triazole-linked hosts. Thus, we synthesized two types of triazole-linked hosts that exhibited a reverse triazole direction by CuAAC. The synthesis of linkers and saccharides was performed as described elsewhere [20] [21] [22] . changes at L1, L2, L4, L5, and T5 positions were observed in NMR spectra of host . The specific downfield shift changes at L1, L3, L4, L6, L7, L9, and T5 positions were observed in NMR spectra of host . In both cases, the downfield shift changes were involved linker and exocyclic triazole protons (T5), which indicates that the ammonium cation was being encapsulated by electrostatic interactions. The small shift changes via complexation can be explained by the ratio of [ + is reflected in the observed association constant and chiral-discriminating ability. In order to investigate the cause of these different affinities, the electrostatic potential surface of 1,4-dimethyl-1,2,3-triazole was calculated by MOPAC AM1 ( ). The largest negative charge was located on the T3 nitrogen of the triazole ring. In the case of host , [NH 3 -Ala-O-Pr i ] + is strongly encapsulated by the T3 nitrogen atoms and the achiral oxyethylene chain, which does not exhibit chiral recognition ability ( ). In general, chiral discrimination, i.e., recognition of enantiomers is based on the "three-point rule" in a chiral environment [24] [25] . The low enantio-selectivity of host may be explained by this rule. That is, the 3-position nitrogen atoms attractively interact with the ammonium group of [NH 3 -Ala-O-Pr i ] + . According with the NMR experiment results, appended saccharide did not electro-statically interact with the guest. Thus, amino acid ester guests have a single attractive interaction and two steric or repulsive interactions ( ). Studies with amino acids reported that two attractive interactions provide the largest selectivity while one or three attractive interactions decrease the selectivity toward the guest 26) . These results indicate that triazole formation coupled by linker azide and saccharide alkyne is required for chiral-discrimination.
3
The chiral-discrimination in the complexation of several amino acid (AA) esters was also evaluated by the relative intensity, which was determined by the FABMS/EL-g method using chloride as a counter-anion. In this method, the FAB mass spectra of three component samples of a host (10 mL of 200 mM/MeOH), and a 1:1 mixture (10 mL of
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J. Oleo Sci. 57, (9) 503-511 (2008) + in the NBA matrix (15 mL) were measured at room temperature. After that, the diastereomeric 1:1 complex ion peaks, which differ in molecular weight ( DMW = n, n: number of deuterium atoms), were compared in intensity in order to estimate host chiral discriminating ability. For example, the ion peaks of host and host in the presence of [NH 3 -Ala-O-Pr i ] + were obtained from the FAB mass spectra (
). In the case of host , only the complex ion peaks were observed ( ). In contrast, the major peak of protonated host and the minor complex ion peaks were observed ( ), which indicate that proton exchange occurred between ammonium ion and triazole. In addition, host showed antipode (R)-enantiomer preference (1.3-fold). In both cases, results derived from the I R /I S-d7 value determined in FABMS experiments were similar to those derived from the K R /K S value calculated from the UV titration experiments. Antipode selectivity is based on the attraction/repulsion of saccharide moieties. We reported that formation of ether-linked host-guest complexes is mediated by attractive electrostatic interaction between ammonium ion and ether oxygen atoms, including saccharide oxygen atoms. In the case of host , two saccharide moieties plays the role of steric hindrance as no structural change in the saccharide moieties of complexes was observed. Not surprisingly, no chiral-discriminating ability toward investigated [NH 3 -AA-O-Pr + was observed in FABMS experiments involving host . These results indicate that the FABMS/EL-g method can reproduce the evaluation of chiral-discrimination involving N-containing host-guest pairs by well-tested solution methods. Besides, the FABMS method has the advantage of allowing the rapid measurement of chiral-discriminating ability in a variety of host-guest complexes.
CONCLUSION
The design of an adequate host structure toward a guest compound is an important component of host-guest chemistry. In this research, we designed and synthesized new chiral-discriminating triazole-linked host compounds that supersede the traditional ether-linked hosts by a versatile, rapid and high-yield CuAAC. By investigating chiral-discriminating ability of two types of triazole-linked host, we found that the orientation of the 3-positon nitrogen atoms is the most important factor for amino acid chiral-discrimination. In addition, we found that triazole-linked hosts may be used in rapid chiral-discrimination of amino acids by the FABMS/EL-g method.
